Abstract-A person dies in America approximately every 16 minutes from opioid overdose. It is estimated that one in four patients receiving long-term opioid therapy in a primary care setting struggles with opioid addiction. Medication nonadherence causes unfavorable healthcare outcomes and raises healthcare costs through increased service utilization. Developing a digital health application to run on a smartphone is an inexpensive solution for addressing medication non-adherence. Objective data captured on a digital device can facilitate better communication between patients and their providers. We present Med Conformity, an open-sourced application for helping patients to better control the medications they use as needed. The opensourced application will be customizable for various patients needs. Additionally, emerging digital health technologies can be interfaced with the application in the future to create novel solutions to address medication non-adherence.
I. INTRODUCTION
The Centers for Disease Control and Prevention (CDC) reports that deaths from prescription opioid usage has more than quadrupled since 1999 (CDC, Understanding the Epidemic, 2017), accounting for over 40 deaths every day in America (CDC, Prescription Opioids, 2017). It is estimated that "one in four patients receiving long-term opioid therapy in a primary care setting struggles with opioid addiction" (CDC, Prescription Opioids, 2017). Medication adherence is a problem that has been estimated to cost the United States between $100 and $300 billion per year (Iuga and McGuire, 2014) . Approximately 75% of Americans have difficulty complying with their daily medication regimen [3] . Medication nonadherence is a cyclical problem that causes poor healthcare outcomes, increased healthcare service utilization, and increased healthcare-related costs that results in poorer medication adherence [4] . To break the non-adherence cycle, patients, in partnership with their doctors and pharmacist, need to commit to a mutually agreed schedule for optimal medication compliance. Adherence is a team effort involving the patient, healthcare providers, and other supportive individuals (spouse, friends, etc.)
II. BACKGROUND
We need to provide tools and information for healthcare professionals working on overdose prevention and treatment, and increase awareness and share best practices with providers and patients (CDC Help and Resources, 2017). [5] concluded that using digital health technology for medication tracking does improve adherence at a relatively low cost for implementation. Using digital health technology [6] , including a smartphone device, can help patients track their medication usage and disease progression resulting in a better understanding of appropriate medication usage and support their medication self-management [1] . Due to proprietary information and a lack of published results, it is hard to learn from past successes and failures of medication adherence programs [2] . We need to understand that a method that works for improving medication adherence for one patient will not be the ideal solution for all patients. Creating a versatile digital health platform is necessary for allowing a patient to choose with whom they share their goals, plan their optimal treatment schedule, and customize the amount of interaction necessary for an environment of ideal compliance. Users of such a platform could involve doctors, pharmacists, patient caregivers or family, or anyone agreed by the patient. It is important that patients control which individuals have access to their medical data. Our work in progress develops a smart phone application to act as a personal assistant for many patients in their quest for an ideal medication treatment experience. A goal is to create an application that can help patients to better manage their as needed medications. To capture best practices and lessons learned [2] , the created application will be provided as an open-sourced platform to be customized for the needs of various end users.
III. PROTOTYPE FOR MED CONFORMITY
Several open-sourced Android apps were evaluated for potential use as a starting point for the current project. It was decided that a simpler interface would be ideal for prototyping this project, so a program called DrugBug 1 was chosen as the base. Customizations were made in DrugBug to change late dose alerts and missed doses to doses that are due to be taken when needed. Instead of warning when doses are late, it is important to warn when doses are taken early. The functional prototype for the new app, Med Conformity, was designed according to the diagram in Fig. 1 . 
A. Med Conformity: Initial Results
Android Studio was used as the integrated development environment for creating Med Conformity mobile application. First, DrugBug was imported into Android Studio. A login screen was added to the startup sequence for an added measure of user privacy (Fig. 1, A) . The main home screen was altered to emphasize the number of doses due today and to indicate if any dose is due now (Fig. 1, B) . By default, DrugBug had more emphasis on the management of reminders. Since Med Conformity emphasizes taking doses only after they are due, the medication reminder functionality of DrugBug was maintained only as an option for users that want to add a reminder notification for when a dose is due (Set Reminder in Fig. 1, D) . For functional aesthetics, the red colored text used in DrugBug to draw attention to dose times that are past due was changed to blue text to indicate doses that are now due to be taken (Fig. 1, C & E) . For dose times that are not yet passed, a new method was created to warn a user that it is too early to take their medication dose (Fig. 1, F ). In the current prototype of Med Conformity, this warning is set for any dose that is early without any lenience, but the program will still allow the user to document the early dose if they choose to bypass the warning. Future modifications of the program may consider a small early window, such as a 15-minute tolerance for an early dose. This modification should be tailored to the enduser because allowing a tolerance for early doses could lead to medication misuse as some users may attempt to abuse that lenience for each subsequent dose. Adding a new medication (Fig. 1, D) is a little easier in Med Conformity as the + option for adding a new mediation is now present in the top menu bar of most views within the app (Fig. 1, B & C) . Frequency of Doses choices were also updated in Med Conformity to emphasize a quantity of doses allowed per day (Fig. 1, D 
IV. CONCLUSION AND FUTURE WORK Functionality of Med Conformity could also be enhanced in the future by incorporating other forms of digital health technology, such as automated sensors. Another digital health technology that could be incorporated with Med Conformity would be a sensor enabled pill container. Examples include the Memo Box (interfaces with Memo Health) and the iConnect iCap (interfaces with Medisafe.) Both devices sense when the container is opened and closed, and the data is transmitted to a smartphone app via Bluetooth. The associated apps assume a medication is taken if the container was opened and closed at a time near a scheduled dose. Depending on a chosen implementation with Med Conformity, information concerning opening and closing the medication container could be logged as objective data by the app. This automated data could be reviewed by healthcare providers when there is concern about possible misuse or diversion (stealing, selling, etc.) of medications.
